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Description

Field of the Invention

This invention relates to a depolymerisation proc-
ess.

Background of the Invention

Monomer can often be recovered from polymer
waste by depolymerisation. In particular, PMMA, i.e.
poly(methyl methacrylate), gives methyl methacrylate at
elevated temperature. For many years, PMMA has been
successfully depolymerised by contact with molten lead
at about 500°C; the monomer MMA can be obtained in
a purity of more than 98% (here and throughout, per-
centages are given by weight unless otherwise speci-
fied).

Although this process gives MMA of high purity, the
use of lead is undesirable, from an environmental view-
point. Further, small amounts of lead as a contaminant
are extremely difficult to remove from the monomer,
reducing the range of commercial products for which
the recovered monomer is acceptable. Higher purity
would be desirable, and in particular substantial free-
dom from by-products such as methyl isobutyrate which
is non-polymerisable, smelly and difficult to separate
from MMA.

Kaminsky et al, J. Anal. App. Pyrolysis 19 (1991)
311-318, disclose the recovery of MMA by pyrolysing
PMMA in an indirectly-heated fluidised-bed process. At
450°C, more than 97% of the PMMA was recovered as
monomer.

Research Disclosure 157:18, No. 15743 (May
1977) discloses the depolymerisation of polymeric
material in particulate form by heating on the surface of
a fluidised bed. Optimum results are obtained by
depolymerisation of PMMA at a temperature of at least
400°C and preferably at least 500°C.

EP-A-0046183 discloses the recovery of caprol-
actam from caprolactam oligomers by heating in an alu-
mina bed, and introducing steam, at 290-400°C.

Summary of the Invention

It has now been found, according to the present
invention as set out in claim 1, that effective depolymer-
isation of PMMA and other depolymerisable polymers
can be achieved in a fluidised-bed process at a rela-
tively low temperature, by maintaining a fluidising gas
flow, initially at least of inert gas and subsequently of
monomer vapour, such that the heat transfer coefficient
is maintained at a value sufficient to ablate the polymer
particles. In particular, the temperature is below the
autoignition point of the monomer (c. 425°C for MMA),
thereby making the process not only potentially more
economical but also much safer than the process
described by Kaminsky et al. Despite the lower temper-
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ature, e.g. from 300°C or 350°C up to 400°C or 420°C,
the reaction rate remains high, the purity is significantly
higher, and the process is thus of commercial impor-
tance.

On the simplest level, the novel process overcomes
an apparent prejudice against operating the depolymer-
isation of PMMA at temperatures much below 500°C.
The results that are thus achieved are surprising, since
very high grade monomer is obtained under intrinsically
safe conditions, in a bed which is apparently self-regu-
lating and limited by heat-transfer coefficient (HTC)
rather than absolute temperature. Further, the content
of volatiles in the monomer vapour is surprisingly low.
This combination of effects could not be expected, on
the basis of the given prior art.

In a conventional gas-fluidised bed it is difficult to
achieve heat transfer coefficients which exceed 500-
600 W/m2.K. On this basis it would be expected that
many of the larger polymer particles would heat until
they soften and therefore foam prior to depolymerisation
into MMA vapour. In this condition, they would float to
the top of the bed where the HTC would decrease still
further and the bed would choke unless the working
temperature was very much increased. In the present
invention, the polymer particles have been shown to
ablate and depolymerise from the surface without foam-
ing. This process allows the particles to remain within
the body of the bed where the necessary high HTC can
be maintained, contributing to high output levels.

Although this invention will be described by way of
illustration with respect to the production of MMA by the
depolymerisation of PMMA, other depolymerisation
processes may be so operated. The process is particu-
larly applicable to the production of those monomers
including a CH>=CR-group, i.e. in which a polymer of
the acrylate type has no o-H atom. Specific polymers
that may be depolymerised are polyethylene terephtha-
late (that has been pre-treated with alcohol), isoprene
and styrene.

Brief Description of the Drawings

The accompanying drawings illustrate, schemati-
cally, embodiments of apparatus suitable for use in a
process according to the invention. The essential com-
ponents of a recycling system are a fluidised bed cham-
ber (1) and a recycling line (2) for gas via a cyclone (3)
and a condenser (4). Entrained solids are removed in
the cyclone. Circulation is driven by a fan (5). Aninlet (6)
for polymer and an outlet (7) for monomer are provided.
The bed height is hy when static, h, when fluidised by
inert gas, and hs when fluidisation is additionally driven
by vapour of reaction, as described in more detail below.

Description of the Invention

The fluidised bed may be of known type. It prefera-
bly comprises particles of an inert material such as SiC,
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silica or alumina. Alumina is preferred with respect to,
say, silica; notwithstanding its greater density which
requires increased gas circulation pressures, there
does not appear to be any adverse effect on the heat
transfer or throughput rates once vapour-driven fluidisa-
tion has become established. The particles are, for
example, 50-1000 pm, e.g. 50-300 pm, in diameter.

The bed may be heated by any suitable means,
directly or indirectly. For example, heating elements
may be provided in the reaction chamber. Alternatively
or in addition, quartz-iodine lamps may be used, or mer-
cury-emitting discharge lamps that may emit in the visi-
ble spectrum and in the UV at wavelengths of 200 to
300 nm, to enhance depolymerisation. Indirect heating
may be particularly suitable for low temperature
depolymerisation.

An inert gas such as nitrogen may be used to initi-
ate fluidisation of the bed in which the polymer is depol-
ymerised. A characteristic of the depolymerisation of
PMMA at least is that, following fluidisation of the bed by
inert gas (which provides for the very high heat transfer
coefficients needed by heating elements, and to initiate
the depolymerisation of the PMMA first added to the
bed), fluidisation is soon augmented by vapour evolved
from the depolymerisation process. In the depolymeri-
sation phase, when the bed is effectively driven by the
evolved vapour, it has been found that the bed is essen-
tially self-stabilising and therefore quite controllable.
The inert gas flow helps to control the residence time of
the vapour at high temperature, e.g. at a superficial
velocity of 1 to 10 cm/sec for a given bed particle diam-
eter.

Accordingly, the novel process involves gas circula-
tion with a superimposed vapour flow, comprising gen-
eration in the bed and vapour removal as condensate in
the condenser. During vapour-driven fluidisation, there
exists the possibility of controlling the fluidisation and
depolymerisation process by control of vapour pres-
sure. Both the quality of fluidisation and the activity of
the depolymerisation process are largely dependent
upon the vapour cycle during vapour-driven fluidisation,
and it has been found that if a low temperature vapour
"trap” is included as the last stage of the condenser sys-
tem, then very small changes in the temperature of this
stage, e.g. by about 1.5°C, from -4 to -2.5°C, have a pro-
found effect upon the throughput as measured by the
rate of condensation in the primary condenser sections.
For example, as the temperature of a cold vapour con-
trol stage increases from -4 to -2.5°C, the rate of
depolymerisation falls sharply; as the temperature
decreases, the rate of depolymerisation rises rapidly
and immediately.

Since the volume of the bed is expanded enor-
mously when depolymerisation is occurring, some
means may be required in order to remove particles of
the bed entrained with the flow of monomer vapour. For
example, a cyclone may be provided; the separated
particles can then be returned directly to the reaction
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chamber. A suitable cyclone may be provided with an
impeller. The exit temperature of the inert gas stream
plus monomer vapour may be less than 250°C, so that
a simple pressed metal or cast aluminium impeller may
be used.

In one embodiment of apparatus for use in the
present invention, the reaction chamber is modified so
that it has a variable area throat, in order to make it fully
self-regulating in the region where evolved vapour from
the depolymerisation process is driving the fluidisation.
A suitable design of chamber is generally cylindrical, its
diameter increasing towards the top, e.g. trumpet-
shaped. Additional control functions are variation of the
inert gas flow, the rate of polymer input, and possibly
also temperature conditions in the condenser.

In another embodiment of apparatus for use in the
invention, the bed particles passing to the top of the
reaction chamber are recirculated. In a circulating bed,
a significant proportion of the bed material is kept con-
stantly in transit out of the bed through a cyclone and
back into the bed via a valve. This embodiment allows
the polymer input to be combined with the return flow of
bed material.

These two alternative embodiments will now be
described by way of example only with reference to the
accompanying, schematic drawings. The embodiments
are respectively shown in Figures 1 and 2.

In the apparatus shown in Fig. 1, the cross-section
of the bed container 1 is designed to match the increas-
ing vapour flow from the process. This is an active part
of the bed-fluidising region, not a transport disengage-
ment device. The principle is to provide a parallel cross-
section for the gas fluidised bed operation, and an expo-
nentially increasing cross-section for the depolymerisa-
tion phase to operate in.

The apparatus of Fig. 2 provides for particle circula-
tion and for a circulating bed in which a controlled part
of the bed material leaves the reactor and is recirculated
through a hydrodynamic valve 8. This may be incorpo-
rated into a bed material treatment process for the
removal of waste products.

Accordingly, whether or not all such apparatus fea-
tures as are shown in the drawings are adopted, a sat-
isfactory rate of depolymerisation can be controllably
maintained while polymer is introduced up to 40, e.g.
20-30, kg/h per 0.1 m? of active bed. The polymer is
suitably introduced into the reaction chamber, e.g. a
stainless steel vessel, by means of a screw feed. This
feed is preferably above the normal height of the bed, in
order to prevent the screw being heated by contact with
the bed, thus preheating the polymer and causing the
heated polymer to adhere to the screw. This and other
potential problems are also minimised by the addition of
a nitrogen entrainment flushing system to prevent back-
flow of vapour along the screw. Using apparatus of this
type, in a reaction chamber having internal base dimen-
sions of 40 cm x 40 cm and a PMMA scrap feed of 30
kg/h, it has been demonstrated that the bed is stable
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both in the initial phase and in the presence of depolym-
erisation. The heaters have been operated at full load
for many hours, with an operating temperature only 5-
50°C above a mean bed temperature of 385°C. The bed
itself shows very small temperature variations, in the
region of only 5°C across its width and from top to bot-
tom. It is therefore essentially isothermal. Most impor-
tantly, the degree of fluidisation judged by the variation
in temperature within the system actually improves as
the evolved vapour from the depolymerisation process
takes over from the nitrogen flow as the principal fluidi-
sation mechanism.

The following Example illustrates the invention,
using apparatus as described immediately above.

Example

Using approx. 90 kg of sand having a mean particle
size of 120 pum, providing a non-fluidised bed height of
300 mm, PMMA was depolymerised.

Calculations based upon the theory of conventional
fluidised beds show that the maximum depolymerisa-
tion rate for the experimental bed would be approxi-
mately 30 kg/h, provided that the necessary heat could
be transferred to the particles of polymer. This limit is
set by the superficial velocity at which bed material
would be carried away and does not depend upon any
temperature depolymerisation rate characteristics.

An average depolymerisation rate of 32.3 kg/h was
observed for periods exceeding one hour, with peak
activities estimated to be equivalent to 35-40 kg/h at a
mean bed temperature of 410°C. The resulting mono-
mer had a purity (by GLC) of 99.25-99.48%.

Calculations suggest that vapour-driven fluidisation
becomes significant when a critical minimum polymer
burden (equivalent to vapour sources spaced at 20-30
mm separations within bed) is exceeded in the bed;
after which both the fluidisation process and most
importantly the heat transfer coefficient achieved
between the particles of the bed cease to be conven-
tional functions of superficial gas flow as predicted by
standard theories.

In a further test sequence, the temperature of the
bed was allowed to decrease from an initial value of
350-315°C while the PMMA input was maintained at 16-
20 kg/h.

On the basis of this and similar trials, it appears that
the throughput is essentially independent of bed tem-
perature at least in the range 460-315°C provided that
the HTC is maintained at a value sufficient to achieve
ablation of the particles of polymer.

Claims

1. A depolymerisation process, which comprises
heating particles of a depolymerisable polymer in a
fluidised bed comprising particles of an inert mate-
rial of at least 50 pm diameter, characterised in that
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the process is conducted at a temperature below
the autoignition point of the monomer, while main-
taining a fluidising gas flow, initially at least of inert
gas and subsequently of monomer vapour, such
that the heat transfer coefficient is at a value suffi-
cient to ablate the polymer particles.

2. Aprocess according to claim 1, in which the mono-
mer is methyl methacrylate.

3. Aprocess according to claim 1 or claim 2, in which
the temperature is 300-420°C.

4. A process according to any preceding claim, in
which the particles of inert material are 50 to 1000
um in diameter.

5. A process according to claim 4, in which the inert
material is alumina.

6. A process according to any preceding claim, in
which the fluidising gas is circulated from the upper
part of the bed to the lower part, via a condenser
where entrained monomer is separated.

7. Aprocess according to any preceding claim, which
comprises means for continuously and controllably
recycling bed material.

8. A process according to any preceding claim, in
which the cross-section of the reaction chamber
increases upwardly.

Patentanspriiche

1. Depolymerisationsverfahren, welches umfaBt das
Erwarmen von Teilchen eines depolymerisierbaren
Polymers in einem FlieBbett, das Teilchen eines
inerten Materials mit einem Durchmesser von min-
destens 50 um umfaBt, dadurch gekennzeichnet,
daf das Verfahren bei einer Temperatur unter dem
Selbstentzindungspunkt des Monomers durchge-
fuhrt wird, wahrend man einen verwirbelnden Gas-
strom, am Anfang zumindest von Inertgas und
anschlieBend von Monomerdampf, derart aufrecht-
erhalt, daB der Warmeubertragungskoeffizient bei
einem Wert liegt, der ausreicht, um die Polymerteil-
chen abzutragen.

2. Verfahren nach Anspruch 1, in welchem das Mono-
mer Methylmethacrylat ist.

3. Verfahren nach Anspruch 1 oder Anspruch 2, in
welchem die Temperatur 300 - 420°C betragt.

4. Verfahren nach irgendeinem vorangehenden
Anspruch, in welchem die Teilchen aus inertem
Material einen Durchmesser von 50 - 1000 um auf-
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weisen.

5. Verfahren nach Anspruch 4, in welchem das inerte
Material Aluminiumoxid ist.

6. Verfahren nach irgendeinem vorangehenden
Anspruch, in welchem das verwirbelnde Gas vom
oberen Teil des Bettes zum unteren Teil Gber einen
Kihler, in welchem mitgeschlepptes Monomer
abgetrennt wird, im Kreis gefihrt wird.

7. Verfahren nach irgendeinem vorangehenden
Anspruch, welches Mittel zur kontinuierlichen und
steuerbaren Recyclisierung von Bett-Material
umfaBt.

8. Verfahren nach irgendeinem vorangehenden
Anspruch, in welchem der Querschnitt der Reakti-
onskammer nach oben hin zunimmt.

Revendications

1. Procédé de dépolymérisation, qui comprend I'étape
consistant & chauffer des particules d'un polymére
dépolymérisable dans un lit fluidisé comprenant
des particules d'un matériau inerte, d'au moins 50
pm de diametre, caractérisé en ce que le procédé
est conduit & une température inférieure au point
d'inflammation spontanée du monomére, pendant
que I'on maintient un courant de gaz de fluidisation,
au départ au moins d'un gaz inerte et ensuite de
vapeur de monomeére, de telle sorte que le coeffi-
cient de transfert de chaleur ait une valeur suffi-
sante pour soumettre a ablation les particules de
polymére.

2. Procédé selon la revendication 1, dans lequel le
monomere est le méthyl méthacrylate.

3. Procédé selon la revendication 1 ou la revendica-
tion 2, dans lequel la température est de 300-
420°C.

4. Procédé selon I'une quelconque des revendications
précédentes, dans lequel les particules de maté-
riau inerte ont un diamétre de 50 4 1000 pm.

5. Procédé selon la revendication 4, dans lequel le
matériau inerte est I'alumine.

6. Procédé selon l'une quelconque des revendications
précédentes, dans lequel le gaz de fluidisation cir-
cule de la partie supérieure du lit vers la partie infé-
rieure, en passant par un condenseur dans lequel
est séparé le monomére entrainé.

7. Procédé selon l'une quelconque des revendications
précédentes, qui comprend des moyens pour recy-
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cler en continu et de maniére commandée le maté-
riau du lit.

Procédé selon I'une quelconque des revendications
précédentes, dans lequel la section transversale de
la chambre de réaction croit vers le haut.
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